Deviation from definitive flight path of a plane fixed a synthetic aperture radar (SAR) leads to inaccurate and defocused radar images, which has serious effect on the SAR interferometry (InSAR) processing. Therefore, the precise motion compensation (MOCO) for the airborne SAR interferometric data is the key to obtain high quality digital elevation model (DEM).The position and orientation system (POS)-based residual motion error compensation method is designed. Considering the precision of POS, there will be residual motion error after the POS-based MOCO, which have serious effect on the interferometric phase, especially the residual baseline errors. To solve the above problem, this paper proposed an enhanced multi-squint processing based model to estimate the residual baseline errors. This method can decrease the influence of data decorrelation and baseline error varying with range, and dramatically improve the measuring accuracy of InSAR.
Introduction
Synthetic Aperture Radar, as an active remote sensing method used in aerospace and aviation, can work all-day and all-weather. Airborne SAR interferometry system has good mobility and high resolution [1] , but deviation from definitive flight path leads to inaccurate radar images, low resolution and azimuth ambiguity. The precise motion compensation (MOCO) is the key to obtain high quality image [2] .
Buckreuss analyzed the image distortion caused by the motion error in 1991 [2] . A. Moreira presented Chirp Scaling algorithm combined MOCO in 1994, G. Fornaro proposed SC-FT algorithm combined MOCO in 1997.The above algorithms are based on the accurate POS measuring data. Considering the precision of POS, there will be residual error after POS-based MOCO, which has serious effect on the interferometric phase, especially the residual baseline error. It is necessary to estimate the time-varying baseline error by echo data.
The following sections analyze the effect of motion error on the SAR interferometry processing, based on the simulated data, research the motion compensation algorithm based the POS measuring data, study the effect of the residual motion error on interferometric phase, and do research on the estimation of time-varying baseline error.
Motion Error Analysis
Motion errors mainly consist of the airborne position errors and attitude errors. The former are caused by the acceleration along track and velocity in sight direction, and the latter are induced by rolling, yawing and pitching of the airborne. The motion errors not only influence the antenna phase center (APC), but also lead to time-varying baseline errors, which introduce the interferometric phase errors [2] .
In the following, the simulated data with motion errors (Fig.2 (a) and (b)) is used to verify the effect on the interferometric phase. Tab. 1 shows the simulated sensor parameters. Contrast to the one in the ideal condition, the fringe could not reflect the topography character.
POS-based MOCO
The basic principle of POS-based MOCO for airborne SAR interferometry system is the same as that of SAR. However, because the interferometry system has two antennas, the master and slave Advanced Materials Research Vol. 684 415 SAR data of motion compensation is required to be processed respectively. The POS-based MOCO is accomplished by utilizing the deviations of antenna phase center from the ideal flight path, which is fitted by the high precise POS data. Range-Doppler algorithm combined with MOCO is usually used as the POS-based MOCO method. The process is shown in Fig. 3 . Fig. 4 (a) is the fringe pattern after MOCO, and Fig. 4 (b) is the difference between the interferometric phase after MOCO and that in the ideal case. The experiment shows that the motion error can be compensated well, when the precise POS measuring data is known.
Figure 3 Block diagram of SAR processor with integrated MOCO
(a) Interferometric phase after MOCO (b) Interferometric phase error Figure 4 Simulation of data processing after POS-based MOCO
Echo-based MOCO
Considering the precision of POS, there will be residual motion error after the POS-based MOCO, which has serious effect on the interferometric phase, especially the residual baseline error. As to a full resolution SAR image with azimuth bandwidth W, the full spectrum can be divided into several subaperture images Si with reduced bandwidth [4] . In the ideal condition, if the processing is performed in zero-Doppler geometry, the subaperture image information is at the same place. If there are residual error and corresponding geometrical distortion in the full resolution image, the effects on each subaperture images are not identical.
However, the above method is only effective to point-like targets. The better approach is to utilize the interferometric phase, because it reflects the topography character instead of the decorrelation of distributed targets. Certainly, the individual track motion errors are lost, and we can achieve the time-varying baseline error along track [4] .
Splitting the full resolution image into two subaperture images with positive and negative Doppler-frequencies, the derivative of the baseline errors can be obtained by utilizing the different interferometric phase [4] . 
Where ν 0 denotes the platform velocity; r is the slant range, △f is the spectral separation of the subapertures, S 1 1 and S 1 2 are the positive subapertures of image 1 and 2, S 2 1 and S 2 2 are the negative subapertures of image 1 and 2. Integrate Eq. 1 along the track, the LOS baseline error E can be estimated.
In case of decorrelated regions, a major problem is that the baseline error can't be estimated effectively by the above method. The better solution presented in this paper is to divide the full azimuth Doppler bandwidth into more subapertures. Split the image into K subapertures with smaller bandwidth W sub , separated by △f sub , K-1 spectral diversity phase Φ i can be obtained.
Φ i is proportional to the derivative of the baseline error. In addition, there is an offset of rtanβ i,i+1 in azimuth for each Φ i , with β i,i+1 =(β i +β i+1 )/2, β i is the mean subaperture processing squint. Utilizing weighted differential interferometric phase Φ i , a refined approach can be obtained.
In fact, the larger subaperture bandwidth is, the more it is sensitive to motion errors. The small subaperture can achieve a better estimation of high-frequent error. Empirically, it is found that about 5-7 subapertures divided from the full image are a good compromise at L-band [4] .
Where ( ) i Γ … denotes the azimuth shift operation by rtanβ i,i+1 .
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The above approach represents the derivative of time-varying baseline error E in LOS direction. Apart from its azimuth dependency, E is varying with range too. To achieve the effective baseline error, it is necessary to estimate it for each range distance.
At a given azimuth position, the derivative of baseline error in LOS direction for range-bin n can be calculated from the derivative in horizontal direction / y B x ∂ ∂ and the derivative in vertical
The off-nadir angle θ n can be achieved from the external DEM, when θ n is known for all range-bins of the scene. The effective baseline error of a given range-line depends on two parameters, / 
Where σ n can be obtained from the interferometric coherence. The remaining problem is the integration constant, which can't be estimated by the echo itself. A solution is proposed in this paper to compare the fringe pattern after compensation of baseline error with synthetic fringe from the DEM, and then the constant can be estimated.
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Conclusions
Precise motion compensation for the airborne SAR interferometry data is a key to obtain the high quality digital elevation model (DEM). In this paper, the influence of motion errors and several motion compensation methods are researched and combined. The effect on interferometric phase is shown by the simulated data with position and attitude errors. In order to eliminate the effect, the POS-based compensation and residual error compensation are respectively used in this paper. In the former method, using the Range-Doppler algorithm with MOCO, the motion errors can be removed during the imaging. In the experiment, it can be concluded that the above method can do well without POS measuring error. Considering the precision of POS, there will be residual error after POS-based MOCO, which has serious effect on the interferometric phase. It is necessary to estimate residual baseline error by the echo data. The enhanced multi-squint processing based DEM model is designed in this paper to estimate the residual baseline error. It can solve strong decorrelation and baseline error varying with range, the motion compensation can be completed. Thus, with the above enhanced method designed in this paper, the measuring precision of InSAR is dramatically increased. Therefore, the images, resolution and azimuth precision are also improved. The enhanced method that solves the difficult problem of InSAR system is able to eliminate the effects of motion errors on echo, and consequently help the system to construct images with better quality.
